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1
BLOCK COPOLYMER BATTERY
SEPARATOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to PCT Application PCT/
US2012/030132, filed Mar. 22, 2012, which in turn claims
priority to U.S. Provisional Application Ser. No. 61/466,414
filed Mar. 22, 2011, which application is incorporated herein
by reference as if fully set forth in their entirety.

STATEMENT OF GOVERNMENTAL SUPPORT

The invention described and claimed herein was made in
part utilizing funds supplied by the U.S. Department of
Energy under Contract No. DE-AC02-05CH11231 between
the U.S. Department of Energy and the Regents of the Uni-
versity of California for the management and operation of the
Lawrence Berkeley National Laboratory. The government
has certain rights in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to lithium ion batteries,
and more specifically to a polystyrene-block-polyethylene-
block-polystyrene copolymer which is blended with a
homopolyer to from a film, the homopolymer then removed
using an organic solvent to thus create a nonoporous film
where the holes lined with the homopolymer, the film useful
as a battery separator.

2. Brief Description of the Related Art

Nanoporous separators used in lithium ion technology are
of'considerable current interest in spite of the fact that they are
an inactive component of the battery. In most cases, the sepa-
rators are composed of inert semi-crystalline polyolefins such
as polyethylene and polypropylene. A liquid electrolyte con-
tained in the pores is responsible for ion transport in the
battery. Although these polyolefin materials only cost about
1.30 $/kg, the cost of a typical battery separator is in the
vicinity of 120-240 $/kg!l. This large increase in price is
mainly due to the complex and carefully controlled process-
ing steps used to generate the porous structure within the
separator.

One of the most widely used processes presently used in
the manufacture of battery separators is the “wet process”
wherein a membrane comprising a phase separated mixture
of an amorphous and a semi-crystalline polyolefin is
immersed in a solvent and holes are created by dissolving out
the amorphous polyolefin[2]. Semi-crystalline polyolefins
such as polyethylene are only soluble in solvents at elevated
temperatures in the vicinity of the melting point of the crys-
tals, which is in the vicinity of 120° C. for polyethylene. Thus
the dissolution step can readily be conducted at a convenient
temperature (e.g. room temperature).

Uniformity of the resulting pore structure is crucial for
advanced lithium battery performance as non-uniformity of
the pores will lead to non-uniform current distribution during
battery operation. Defects in the separator can lead to cata-
strophic failure of batteries. Most polyolefins are immiscible
in each other®>”. The extent of phase separation in the mem-
brane prior to the pore formation step is determined entirely
by non-equilibrium effects. Small changes in the processing
conditions can lead to large changes in the phase separated
morphology which, in turn, affects pore structure. Since driv-
ing forces for phase separation in polymers depends crucially
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on the molecular weight of the components [Flory and Hug-
gins], small changes in the molecular weight distributions of
the amorphous and semi-crystalline components can also
result in alterations of the pore structure.

The wet process for the production of battery separators
produces separators that are quite different from separators
made from the dry process: specifically, the holes produced
by the wet method are only minimally orientated™. Typi-
cally, in the wet method, polyolefin resins are mixed with
paraffin oils and other additives, extruded into films, and
washed with a volatile solvent to remove the paraffin oils™ *
91. The holes are produced by the extraction of'the oil, and the
films are stretched either before or after extraction to increase
porosity, resulting in minimally oriented pore structurest®!. In
contrast, the holes produced in the dry process are made
entirely from stretching the films, which leads to uniaxially
oriented films™. The uniaxially oriented films produced from
the dry method only have a high tensile strength in one direc-
tion, whereas the films produced using the wet method typi-
cally have high tensile strength in all directions. The balance
of' tensile strength in not necessarily advantageous as tensile
strength is primarily important for roll processing of polymer
films, in which the polymers are only pulled along one axis!™.
The tortuosity of separators made from dry processes is also
significantly lower than the tortuosity of separators produced
using wet processes: separators produced from the dry pro-
cess have straight, open pore structures suitable for high
power density applications, while separators produced the
wet process have more porous, tortuous structures more suit-
able for long battery life applications!?.

SUMMARY OF THE INVENTION

By way of this invention a new wet process for creating
nanoporous battery separators is described. This membrane is
composed of a polystyrene-block-polyethylene-block-poly-
styrene (SES) copolymer. The self assembly of' block copoly-
mers into ordered structures on the 10 nm length scale is
well-established!*°**), A membrane is created by first casting
a mixture of polystyrene (PS) homopolymer and the SES
copolymer and then dissolving the PS (which is amorphous)
in a manner that is very similar of the wet process described
above. This creates a membrane with nanoscale pores in a
polyethylene matrix.

There are two crucial differences between the present pro-
cess and the conventional wet process. First, the phase sepa-
rated morphology that is the basis for the porous structure of
the final membrane is at equilibrium and thus does not require
strict control during the film formation step. Second, the
pores are naturally lined with PS chains because of the struc-
ture of the SES copolymer. Since PS is more polar than PE, it
may lead to more complete filling of the porous structure with
the electrolyte. Pores that are lined with more polar chains
such as polyethylene oxide (PEO) can readily be made by
using a mixture of a polyethylene oxide-block-polyethylene-
block-polyethylene oxide copolymer and PEO instead of the
present SES/PS mixture. While it is tempting to focus on the
properties of the SES copolymer as key to the functioning of
the separator, we have found that it is the molecular weight of
the sacrificial amorphous PS component that is key for
obtaining membranes with a well-connected pore structure.

The approach described herein for creating nanoporous
films has been used by others for a wide range of applications
ranging from water filtration to drug delivery'*-**]. Yang et
al.l'*! spin coated thins film blends of homopolymer poly
(methyl methacrylate) (PMMA) and poly(styrene-block-me-
thyl methacrylate) (PS-b-PMMA) onto an energetically neu-
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tral surface. The PMMA homopolymer was washed out using
a selective solvent leaving an ordered set of cylindrical holes
with a diameter of 15 nm. The diameter of the holes was
controlled and reduced to as small as 6 nm by deposition of
Au onto the surface. The authors showed that these mesopo-
rous thin films could be utilized for single-file diffusion,
resulting in slow, linear release of drugs, which can be con-
trasted to Fickian diffusion-limited release in membranes
with larger holes. Uehara et al. 1 created mesoporous struc-
tures using poly(styrene-block-ethylene) (PS-b-PE) by etch-
ing out amorphous PS domains using fuming nitric acid. By
varying the length of exposure, the diameter of the holes was
varied from 5 to 30 nm. The diffusion of glucose and the
retention of albumin in these membranes could be controlled
based on the pore size. To Applicants’ knowledge, however,
this application comprises the first systematic study of the
effect of the characteristics of the sacrificial component on
transport through the nanoporous film.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and others will be readily appreci-
ated by the skilled artisan from the following description of
illustrative embodiments when read in conjunction with the
accompanying drawings.

FIG. 1is a plot of ¢ as a function of a) ¢, for select values
ofa;and b)afora ¢, 0f 0.35 and 0.43.

FIG. 2 is a plot of nitrogen adsorption data with quantity
adsorbed as a function of relative pressure at ¢,=0.43 for a)
a=0.22;b) 0=0.34; ¢) ¢=0.94; and d) ¢=2.02. Inserts are pore
size distributions as calculated by the BJH method.

FIG. 3.isaplotofa, (BET) as a function of a) ¢, for select
values of a; and b) a for a ¢, of 0.35 and 0.43.

FIG. 4 are scanning electron micrographs of ¢,=0.43 at a)
a=0.22; b) a=0.34; ¢) a=0.43; and d) a=2.02 obtained by
cryofracturing washed out films.

FIG.5is aplot of o of porous SES in IM LiPF6 in EC/DEC
as a function of a) ¢,, for select values of a. In b) the conduc-
tivity of Celgard 2400 in the same electrolyte is shown for
comparison, where o is plotted as a function of o fora ¢,, of
0.43. In ¢) o is plotted as a function of o for values of ¢, of
0.16, 0.29, and 0.35. In d) the average o for all o values are
plotted for ¢, values 0£0.16,0.29, and 0.35. o is compared for
different values of o at ¢, =0.43.

FIG. 6 is a schematic of the blending and extraction process
used to make nanopoous battery separators.

DETAILED DESCRIPTION

SES (polystyrene-block-polyethylene-block-polystyrene)
copolymers were synthesized using a combination of anionic
synthesis and a subsequent saturation reaction. Polystyrene-
block-poly-(1,4)-butadiene (SB) was synthesized using sec-
butyl lithium as an anionic initiator in cyclohexane and then
coupled using dibromoethane to produce symmetric SBSH*9.
The nonpolar solvent cyclohexane enables the polybutadiene
to grow at approximately 93% of the 1,4-addition. SBS was
saturated using the diimide p-toluenesulfonyl hydrazide in
the presence of equimolar tri-n-propyl amine to prevent pro-
tonation of unsaturated polymers'' 7). Homopolymer polysty-
renes (PS) were also synthesized anionically using sec-butyl
lithium as the initiator. The SES copolymer synthesized for
this paper is has molecular weights of 15-82-15 kg/mol and a
ethylene volume fraction, ¢z zcp, 0f 0.77. Six different PS
homopolymers were synthesized with molecular weights
ranging from 1.8 kg/mol to 30 kg/mol.
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The PS molecular weight was measured using a Viscotek
GPC Max VE-2001 equipped with a TDA 302 triple-detector
system calibrated using PS standards with tetrahydrofuran
(THF) as the eluent. For the PS block of the SBS copolymers,
an aliquot of PS was taken out of the reaction vessel during
synthesis prior to butadiene addition. The volume fractions of
each block of the SBS copolymer and the relative vinyl addi-
tions were determined using ‘H nuclear magnetic resonance
(NMR) spectroscopy. In addition, the complete saturation of
the vinyl groups in the butadiene block was verified using 'H
NMR as well.

To remove saturation reagents from the SES copolymer,
the polymer was precipitated in methanol, redissolved in
o-xylene at 100° C., washed using deionized water, then
redissolved and precipitated twice more before being dried at
80° C. in vacuum for 2 days. To remove reaction salts from PS
homopolymers, PS homopolymers were precipitated in
methanol and redissolved in benzene twice before being fil-
tered through a 0.2 pm filter and freeze-dried in a lyophilizer
(Millrock LD8S).

Films of SES/PS blends were prepared using a custom built
solvent caster with a doctor blade to determine control film
thickness. Blends of SES and PS were dissolved in o-xylene
(1:10 w/v) at 120° C. These solutions were then cast onto
aluminum foil maintained at 80° C. After drying for 15 min-
utes at 80° C., the films were placed in vacuum overnight to
dry. The aluminum foil was then separated from the polymer
film using 1M hydrochloric acid. Polymer films were dried
and weighed before the PS homopolymer was selectively
removed by washing the film in THF. In all cases, the change
in mass of the film after washing and drying agreed with the
amount of homopolymer PS extracted (+/-2%). A nominal
void fraction was computed for each film, ¢, defined as the
fraction of volume occupied by the PS homopolymer in the
SES/PS mixture, prior to dissolution. ¢, is calculated from the
composition of the films polymers and densities of PE, PS,
and SES as 0.78, 0.97, and 0.83 g/cm®, respectively, as cal-
culated from monomer volumes[18]. The nanoporous films
used in this study are thus characterized by two parameters:
¢,, the nominal void fraction in the film, and «, the normal-
ized chain length of the sacrificial homopolymer before dis-
solution.

Conductivity experiments were performed using
Swagelok cells with polished electrodes having a diameter of
22.2 mm. Impedance spectroscopy measurements were made
using a potentiostat (Bio-Logic VMP3). Polymer samples
were cut out using a 22.2 mm diameter punch, weighed, and
then placed into a standard lithium battery electrolyte solu-
tion of 1M LiPF in Ethylene Carbonate/Diethyl Carbonate
(1:1 v/v, Novolyte Technologies) for at least 2 days. After
swelling for 2 days, the swollen films were placed in the
Swagelok cells and the impedance was measured. The imped-
ance spectroscopy measurements were taken between a fre-
quency range of 1 MHz to 500 mHz at a peak-to-peak ampli-
tude voltage of 10 mV. Conductivities were calculated as
o=1/Ar,, where A is the Swagelok electrode area, 1 is the
sample thickness, and R, is the bulk resistance as determined
from the intersection of the real impedance axis on the

Nyquist impedance plot. For samples with higher resis-
tance, the sample resistance was taken as the low frequency
minimum on a Nyquist impedance plot. The thickness of the
samples was measured using a micrometer after the imped-
ance spectroscopy measurements were complete. Electrolyte
uptake measurements were made by blotting the films and
weighing them after conductivity and film thickness mea-
surements. The volume fraction of electrolyte in the film, ¢,
was calculated from the known weights of the dry film and the
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electrolyte uptake, using the densities of the polymer and the
electrolye (y,, =1.26 g/cm®), ignoring the possibility of non-
ideal mixing between SES and the electrolyte.

. (Mayolten = Mary) ] Petec
g S—————————————,
(Mary | Ppoty) [ (L = dy)

wherem,, andm,,, .,
film.

Nitrogen physisorption experiments were performed using
a Micromeritics TriStar II. Polymer samples were cut into
strips and dried under vacuum for 4 hours. The Brunauer
Emmett Teller (BET) method was employed to calculate an
internal surface area for the films!*® 1. The specific surface
area, a (BET) can be calculated using

are the dry and swollen weights of the

M

a
Ay Lay
-

ay(BET) =

where L is Avogadro’s number, a,, is the area of a monolayer,
which is 0.162 nm? for N, m is the mass of the absorbent, and
n, ™ is the monolayer capacity. The monolayer capacity can
be calculated by fitting data to the BET equation in linear
form,

@

_r  _ Lo
ni(p®-p)  ngC

where p is the equilibrium pressure, p° is the saturation pres-
sure, C is a fitting parameter related exponentially to the
enthalpy of adsorption, and n“ is the volume of nitrogen
adsorbed at a relative pressure p/p°. The BET equation is fit
for low p/p° values to determine C and n,,“. Further interpre-
tation of physisorption data were based on IUPAC recom-
mendations2° 1.

Scanning electron microscopy (SEM) images were taken
using a Hitachi S-5000 Scanning Electron Microscope. Films
were first cryofractured in liquid nitrogen. Samples were then
loaded onto a brass stub using carbon tape and sputter coated
with Au/Pd before imaging.

In FIG. 1a the electrolyte volume fraction, ¢E , versus void
volume fraction, ¢v is plotted for films with selected values of
a. The dashed line in Figure la represents a line through the
origin with slope=1. It is evident that regardless of sample
composition, ¢z~¢,. This implies that the nominal pore vol-
ume generated by our process is filled with electrolyte,
regardless of void fraction and homopolymer chain length.
The separator has finite elasticity. For reference, we plot the
electrolyte uptake of Celgard 2400 as well. The uptake of
Celgard 2400 seems to be in reasonable agreement with the
separators we synthesized. Regardless of a, ¢ increases with
increasing ¢,. The only major exception is at a=0.12,
a,=0.43, where ¢,, is significantly lower than expected. We
plot ¢ as a function of a in FIG. 15 at fixed void volume
fractions of 0.35 and 0.43. We focus on this range of ¢,
because current commercial separators have void volume
fractions in this range. There does not seem to be any signifi-
cant trend with the uptake of electrolyte and o—the amount
of'void generated, regardless of the sacrificial block seems to
remain approximately constant.

In FIG. 2 we show typical results of nitrogen physisorption
experiments, where the volume of absorbed in the separatoris

10

20

25

30

40

45

65

6

plotted as a function of relative pressure, p/p,, for selected
values of a at a fixed ¢,=0.43. In addition, the pore size
distributions as calculated using the Barrett-Joyner-Halenda
method (BJH) are plotted. Materials with pores on the nanos-
cale are characterized by curves with plateaus at both high
p/p, values with a hysteresis loop at intermediate p/p,, values.
We see this behavior at =0.22 (FIG. 2a). The plateau at high
p/p, values is almost nonexistent when a is increased to 0.34
(FIG. 2b). When a=0.94, there is still a significant amount of
nitrogen adsorbed, however, the high p/p, peak is quite sharp.
At0a=2.02, we see no plateau at high p/p,, values, and very low
amounts of nitrogen adsorption (FIG. 2d). This indicates the
presence of a macroporous structure.

In FIG. 3a, the specific surface area in our separators,
a(BET), estimated using the BET equation as mentioned
above, is plotted versus ¢, for films with selected values of o
(same sample set shown in FIG. 1a). As expected a (BET)
increases with increasing ¢,, regardless of a. Again, we
include Celgard 2400 on this plot—the surface area of Cel-
gard 2400 seems to be reasonable relative to the synthesized
separators. In FIG. 3b, we plot a (BET) versus a at fixed void
volume fractions of 0.354 and 0.432 (same sample set shown
in FIG. 15). We find that a (BET) is peaked in the vicinity of
0.4 for both void fractions. The results in FIGS. 2 and 3 are
consistent in that they suggest that films made with interme-
diate values of o have more accessible pores than those made
from either very small values of a (e.g. 0.12) or very large
values of a (e.g. 2.03). However, while the size of the sacri-
ficial block did not affect the overall void available for elec-
trolyte to swell, it is clear that it has a dramatic effect on the
internal pore structure, with an optimal value of c that occurs
in the vicinity of 0.4.

Position space images of the pore structure in our films
were obtained by SEM and the typical results are shown in
FIG. 4 where data obtained at a fixed ¢, 0of 0.43 are shown. In
FIG. 4a, we see a very fine porous structure in the cross
section of the film in the SEM image. Larger nanoscale pores
can be seen in the film cross-sections at intermediate o values
of 0.34 and 0.942 (FIGS. 4b and 4c¢). FIG. 44 shows an
interesting morphology of well-defined pores on the micron
length scale for the 0=2.03 membrane but no pores on the
nanometer length scale are seen in this case. These pores are
corroborated by the BET data: the highly porous structure for
the 0=2.03 membrane seems to have pores exclusively on the
macroporous scale.

In FIG. 5a we plot separator conductivity, o, versus void
volume fraction, ¢, , for films with selected values of a (for the
same sample set shown in FIGS. 1a and 2a). As expected, o
increases with increasing ¢, for all values of .. The conduc-
tivity of Celgard 2400 was also measured as 0.41 mS/cm,
which is in reasonable agreement with literature values for the
electrolyte used [21, 22]. The conductivity of our separators
was lower than Celgard 2400, but of the same magnitude. In
FIG.5b, we plot o versus o at fixed ¢,=0.43. At ¢,=0.43, ionic
conductivity is peaked at an a value between 0.2 and 0.3,
decreasing rapidly when o decreases from this value, and
decreasing gradually as o increases toward 2.0. Quite surpris-
ingly, ion transport rates at a=0.11 and 2.0 are similar. In FIG.
5¢, we plot o as a function of a for the other values of ¢,.. For
these values of ¢, the o is relatively constant across all values
of a. InFIG. 5d, we average o at ¢,=0.16,0.29, and 0.35, and
then plot o at ¢,=0.43 for each o. examined. Again, we see that
O peaks at intermediate values (0.2 and 0.3) of o and then
decreases for both higher and lower values of a.

It is likely that the observed dependence of the separator
properties on o is due to the phase behavior of mixtures and
block copolymers and homopolymers, i.e. the morphology of
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the film before the dissolution step. The morphologies of pure
A-B block copolymers depends mainly on the volume frac-
tion of one of the blocks [12, 23, 24] and the nature of blocks
(crystalline versus amorphous). Lamellae are obtained in
symmetric systems when ¢, the volume fraction of the
A-block, is in the vicinity of 0.5 while bicontinuous gyroid
networks and hexagonally packed cylinders are obtained in
asymmetric systems. In the case where one of the blocks is
semi-crystalline, lamellae are obtained over a wider compo-
sition window, and additional complexity arises due to the
formation of crystalline lamellae in one of the lamellae.
Depending on thermodynamics and kinetics, the crystals can
either be trapped within the microdomains or break out of
them, as quantified by Register, Ryan, and coworkers [25-32].

The addition of a homopolymer results in changes in the
morphology [33-38]. In the simplest case, the homopolymer
simply swells the A domain and thus morphologies seen in
pure block copolymers are obtained provided ¢, is now taken
to be the total A volume fraction, including both homopoly-
mer and block copolymer. This behavior is anticipated when
the chain length of the homopolymer is comparable to but
smaller than the length of the A block—small values of a. If
a<<1, then the homopolymer is distributed homogeneously
throughout the sample, while if o>>1 then the homopolymer
forms macroscopically phase separated domains.

The full phase behavior of A/A-B homopolymer/block
copolymer mixtures is much more complex than that outlined
above as it also depends of the Flory-Huggins interaction
parameter, ., and homopolymer volume fraction, as outlined
by Matsen [39, 40] and others [41-43]. In many cases, the
behavior of A-B-A triblock copolymers (of the kind studied in
this paper) is very similar to that of A-B diblock copolymers
obtained by cutting the A-B-A chain in half. It is thus likely
that the large body of work on A-B/A mixtures described
above is applicable to the present study.

Several groups have studied the phase behavior of A-B-A
triblock copolymers with added A or B homopolymers [44-
47]. In particular, Mykhaylyk et al. added hPS (a=0.11)to a
poly(styrene-block-isoprene-block-polystyrene) (SIS)
copolymer, and found that at weight fractions about 27% for
thin films, the structures would disorder as probed by atomic
force microscopy (AFM)[45]. Using the literature value of ,,
between polystyrene and polyethylene (0.096 at 298K
based), we can compute the product , N for the SES copoly-
mer (,N=84) and the phase windows for the different
homopolymers added to create the separators. For instance,
based on Matsen’s calculations[40], a symmetric (¢,=0.5)
diblock copolymer with a, N=40 and o=1.0, begins to mac-
rophase separate above 20% homopolymer.

Herein we have characterized SES nanoporous separators,
without going into a detailed discussion of the phase behavior
of SES/PS mixtures. Nevertheless we understand the mor-
phology of these blends depends on several variables. Our
initial intuition and the electrolyte uptake data in FIG. 1 might
have suggested that the molecular weight of the sacrificial
homopolymer is irrelevant. This appears to be true with the
exception of the a=0.12 and ¢,=0.43 case. In FIG. 554, we
show the ionic conductivity of the resulting membranes
soaked electrolyte as a function of the normalized chain
length of the homopolymer fora ¢, 0f0.43. Ionic conductivity
is peaked at an a value of about 0.3, decreasing rapidly when
a decreases from this value, and decreasing gradually as
increases toward 2.0. Quite surprisingly, ion transport rates at
c0.12 and 2.0 are similar. At 0=0.12 and ¢,=0.43, the
homopolymer chain length is small and it is miscible in both
microphases of the block copolymer. Thus when the
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homopolymer is extracted, it creates molecular voids that do
not allow for much solvent to be imbibed (as seen in FIG. 1a).

Scanning electron micrographs of nanoporous membranes
at a fixed ¢,=0.43, shown in FIG. 4, reveal a potential reason
for our other observations. Again, at 0=0.12 and ¢,=0.43, we
see a. At a=2.02, the homopolymer chain length is too large
and it macrophase separates into micron-sized domains.
When the homopolymer is extracted from this sample, it
leaves behind micron sized pores as shown in FIG. 5d4. Upon
examining FIG. 5 one might anticipate that the pores in FIG.
5d are far more effective for transport than the small pores in
FIG. 5a. The transport measurements shown in FIG. 5 indi-
cate otherwise. The porous structures shown in both FIGS. 4a
and 44 are equally ineffective for transport. Nanoscale pores
that are effective for transport are only seen at ¢=0.33 in
FIGS. 4b and 0=0.94 in FIG. 4¢. The result of this on trans-
port is dramatic. At ¢,=0.43, ionic conductivity of the sample
with 0=0.22 is 6 times greater that of the sample with a=0.12.
These observations on the morphology were verified by the
a(BET) measurements shown in FIG. 3b. The a (BET) fol-
lowed a very similar trend to the conductivity in that the
a(BET) peaked at the intermediate values of a=0.432, and
decreased at both higher and lower values of c.

By way of summary, the process of this invention is sche-
matically illustrated in FIG. 6 wherein a sacrificial polymer is
added to the separator medium, and the resulting blend cast
into a film. Thereafter, the sacrificial polymer is dissolved
away, such as by placing the film in an organic solvent bath.
The thus produced film is then dried, and thereafter can be
used to blending and extraction process used to make nan-
oporous battery separators according to one aspect of the
invention.

This invention has been described herein in considerable
detail to provide those skilled in the art with information
relevant to apply the novel principles and to construct and use
such specialized components as are required. However, it is to
be understood that the invention can be carried out by differ-
ent equipment, materials and devices, and that various modi-
fications, both as to the equipment and operating procedures,
can be accomplished without departing from the scope of the
invention itself.
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We claim:
1. A method for preparing a nanoporous polymer film
comprising:
a) mixing a poly(styrene-block-ethylene-block-styrene)
with polystyrene homopolymer;
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b) casting a film from the mixture; and thereafter,

¢) submerging the film in an organic solvent to remove the
polystyrene homopolymer to produce a nanoporous film
wherein the pores are lined with polystyrene.

2. The method of claim 1 wherein the organic solvent is
tetrahydrofuran.

3. The method of claim 1 further including the step of:

(d) drying the film after removal from the solvent.

4. The method of claim 1 wherein the amount of polysty-
rene added is controlled to control pore size.

5. The method of claim 4 wherein additionally the relative
size of the polystyrene added is controlled.

6. The method of claim 5 wherein the molecular weight of
the polystrene homopolymers range from 1.8 kg/mol to 30
kg/mol.

7. A lithium ion battery, including a battery separator com-
prising a film formed according to the method of claim 3.
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